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Illinois, were established over 20 years ago. Landfilling is 
the encasing of disposed waste for a long time, but even 
though landfilled wastes can and do degrade, landfilling 
is not typically viewed as ensuring permanent destruc-
tion of the disposed wastes. Advanced engineering and 
monitoring technologies are required of landfills to 
ensure protection from leakage and minimize risks to the 
public. The IEPA is charged with implementing Illinois’ 
environmental regulations for landfills for solid, indus-
trial (special wastes), and hazardous wastes. The state of 
Illinois does not have primacy for regulating the treat-
ment or disposal of PCBs or PCB-contaminated wastes. 
Landfill siting in Illinois must initially be approved by 
the relevant local unit of government (S.B. 172, 415 ILCS 
20/1). Landfill permitting regulations are established by 
the Illinois Pollution Control Board. The Illinois Pollution 
Control Board also establishes regulations for other waste 
treatment technologies, including incineration or other 
thermal and chemical technologies. These waste cleanup 
and management technologies are also governed by federal 
laws which are administered by the US Environmental 
Protection Agency (USEPA). PCBs are regulated as a toxic 
substance by USEPA. Currently, USEPA has regulations for 
landfilling and incineration of PCBs and PCB-contaminated 
wastes with a concentration of more than 50 parts per 
million (ppm). Wastes with a concentration of less than 
50 ppm PCBs can be disposed of in municipal landfills. 
Scientific Advances and Resources
Many technological advances have emerged in the 
past 20 years, including site characterization, land-
fill design, and research on treatment and destruction 
of PCBs. Some of that research has been undertaken 
by scientists and engineers at the University of Illinois. 
There has not been a comprehensive review and over-
all updating of these regulations in the past 20 years.
The Illinois Scientific Surveys, in the Prairie Research 
Institute of the University of Illinois, have a legislative 
mandate (110 ILCS 425) to study the natural and cultural 
resources of Illinois. Designated employees of the State 
Scientific Surveys are statutorily recognized as the State 
Scientists. The Scientific Surveys have undertaken studies of 
the geology, hydrology, and biology of Illinois for decades and 
have large data sets describing these resources. The Scientific 
Surveys are also official repositories of information and 
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Summary and Recommendations
Introduction
At the request of a bi-partisan group of legislators, the 
University of Illinois was asked to undertake a review of how 
Polychlorinated Biphenyl (PCB)-contaminated soils and 
other wastes are managed in Illinois. Their main concern was 
a proposal to deposit PCB wastes in an expanded section of 
a landfill near Clinton, Illinois. The legislators that asked for 
this report thought it would be helpful to undertake a review 
of current practices in Illinois, look at how other govern-
ments handle these wastes, and review current research on 
PCBs including alternative waste-management technologies.
This landfill was given local siting approval by the 
Dewitt County Board and granted a permit by the 
Illinois Environmental Protection Agency (IEPA, 
Bureau of Land [BOL]) to accept such wastes and other 
materials from the cleanup of contaminated sites. 
“In January 2010, BOL issued a permit approving a redesign 
of 22.5 acres in the southwest corner of Clinton Landfill 3, 
which subdivided the landfill into the Municipal Solid 
Waste Unit (MSWU) and the Chemical Waste Unit (CWU) 
and included additional environmental safeguards for the 
CWU. The permit issued in January 2010 also gave prelimi-
nary approval for two new non-hazardous special wastes 
to be disposed of in the Chemical Waste Unit: 1) manu-
factured gas plant (MGP) waste exceeding the Toxicity 
Characteristics Leaching Procedure (TCLP) thresholds, 
and 2) polychlorinated biphenyl (PCB) wastes, requiring 
approval by the USEPA under the federal Toxic Substances 
Control Act (TSCA).” See: http://www.epa.illinois.gov/
topics/community-relations/sites/clinton-landfill-3/index
This landfill is perceived by some citizens of central Illinois 
to be a threat to the Mahomet aquifer which supplies drink-
ing water to many communities throughout east-central 
Illinois as well as to agricultural irrigation and some 
industrial processes. Members of the public and various 
interest groups had complained to the legislature and the 
Governor about this decision. Subsequently, Governor 
Quinn rescinded this permit for the Clinton landfill. This 
leaves communities and businesses with contaminated sites 
no solutions for disposal in Illinois of PCB-contaminated 
wastes from site cleanups. The nearest landfill permit-
ted to receive PCB wastes is near Detroit, Michigan. 
Regulatory System in Illinois
The basic regulations for dealing with site cleanup and 
management, including landfill design and permitting in 
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related to siting of waste disposal facilities where there is a 
major water supply aquifer within 500 feet of land surface.
Given the complexity of federal statute and regulations  
and the historical judicial decisions related to hazardous  
and chemical waste treatment, the state of Illinois should  
also review: 
• Funding for programs to address orphan legacy  
waste problems. 
• The Illinois Solid Waste Act (415 ILCS 20/):
1. To provide that prior to local approval of any initial land-
fill applications or major modifications of existing waste 
treatment or waste management permits, the request-
ing party and approving unit of government should 
seek independent, relevant data from the State Scientific 
Surveys of the Prairie Research Institute at the University 
of Illinois as to the vulnerability of natural and historic 
resources from the proposed activity. This review would 
include identification of aquifers and information on 
the subsurface geology to protect such aquifers used for 
human consumption and/or agriculture, and shall also 
include information on the presence of natural habitat, 
natural and cultural resources, and geological formations 
situated within, nearby, or under such proposed sites.
2. To provide state agencies broad authority to approve or 
reject permits or proposed amendments to existing land-
fill permits that have received local review and approval.
records on wells, geology, hydrology, and biota (along with 
the Illinois Department of Natural Resources). This informa-
tion, coupled with scientific and engineering analysis, can be 
helpful in making siting decisions for landfills as well as other 
development projects. While this information is available 
to the public, it is rarely used by developers, communities, 
and other government agencies in their siting decisions.
The University of Illinois held a workshop in Chicago 
on September 17, 2014 to provide an opportunity for 
the public to hear from experts on these issues. A 
summary of that workshop is included in this report.
Policy Issues Raised
The primary question that the legislators 
asked of the University of Illinois was: 
• Are there better alternatives for dealing with these 
types of wastes than placing them in a landfill?
Related policy questions include:
• How could a landfill over a major drinking water supply 
be given a permit to receive hazardous and toxic wastes?
• Has research in the past 20 years made advances in tech-
nologies for site remediation, managing PCB-contaminated 
wastes, and in characterization of sites for locating and 
design requirements for waste management facilities? 
• Are current site characterization requirements 
adequate to protect major water supply aquifers?
• Is the landfill permitting and siting 
process flawed in Illinois?
• What levels of local siting and state regulatory 
review should be required for a landfill permit to be 
amended to accept additional types of wastes?
• What solutions should the state of Illinois 
provide to communities for disposal of soil 
and other wastes from site clean-up?
Recommendations
• The General Assembly should hold hearings to examine 
the process for local siting of waste management facilities 
and the State’s review and approval of such permit appli-
cations in order to address issues raised in the Clinton 
landfill case. Particular attention should be given to issues 
related to potential groundwater contamination which 
might impact municipal, community, and private wells in 
Illinois. Such hearings should also explore public policy 
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Appendix A
PCBs and Their Impact on Illinois:  
A Review of a Persistent Pollutant
A review of current scientific research and regulatory practices related to PCBs
Summary of the workshop: PCBs and Their Impact on Illinois 
September 17, 2014, University of Illinois at Chicago
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Appendix A. PCBs and Their Impact on Illinois:  
A Review of a Persistent Pollutant
Introduction 
At the request of both federal and state legislators, the 
Prairie Research Institute of the University of Illinois 
undertook a one-year review of issues, research, and regula-
tions surrounding PCB cleanup, containment, and disposal. 
Besides a review of scientific reports and administrative 
rules, PRI staff contacted both state and federal agencies, 
conducted interviews of individuals with recognized work 
on this subject, and conducted a workshop in Chicago. 
The “PCBs and their Impact on Illinois” workshop on 
September 17, 2014 examined technical, business, and 
regulatory issues related to Polychlorinated Biphenyls 
(PCBs) and their potential impact on Illinois. Details of the 
workshop, including the agenda and referenced articles, 
can be found at: www.istc.illinois.edu/info/pcbworkshop.
cfm. The workshop was organized in four panel sessions, 
which are summarized in this report. (NOTE: The speak-
ers presented a range of expertise and viewpoints. The 
views of individual speakers are theirs alone, and may not 
represent the views of the other speakers nor do they neces-
sarily represent the views of the workshop sponsors.) 
The four panels were titled:  
• Background on PCBs and Their Impact on Illinois 
• Managing PCBs with Landfills 
• Other Means to Manage PCBs 
• Cleanup Success Stories
PCBs were designed to be stable under a variety of condi-
tions such as during their use in electrical transformers. 
Environmental consequences of their stability include 
persistent contamination of sediments, soils, and piles 
of mixed wastes, as well as residual low-level contami-
nation in everyday products from paint to cardboard. 
Bioaccumulation, resistance to biodegradation, and 
biomagnification express the ability of PCBs to persist 
in the environment and contaminate products includ-
ing some in the food chain. PCB exposure to humans 
and other organisms can cause health issues.
There are two general types of PCB contamination: legacy 
and non-legacy. Legacy sources result from prior use of PCBs 
in electrical applications (e.g., transformers, capacitors), 
hydraulic applications, lubricants, plasticizers, adhesives, 
wax extenders, dedusting agents, inks, cutting oils, pesticide 
extenders, sealants, and caulking compounds. Some of 
these contributed to large contaminated sites that have 
required major cleanup efforts. Many sites still require 
remediation, including some in Illinois. Non-legacy PCB 
sources continue to be released to the environment. 
Non-legacy PCBs are produced during manufacturing 
processes, both domestically and internationally. To date, 
much less research has focused on determining sources, 
public health risks, and mitigation of non-legacy PCBs as 
compared to remediation of sites contaminated with PCBs. 
The combination of a proliferation of non-legacy PCBs and 
the relatively limited amount of research related to their 
sources, impacts, and mitigation suggests the need for a 
focused effort within Illinois to determine the impact of non-
legacy PCBs of Illinoisan’s health and the Illinois economy. 
During this review, another question arose regard-
ing how PCBs are regulated outside the U.S., specifically 
in developing countries that are supplying more and 
more goods to the U.S. The Workshop presenters were 
not familiar with PCB regulations in China and other 
third world nations. They acknowledge that the U.S. 
and Europe were the most advanced in terms of PCB 
regulations. The discussion and concern was that prod-
ucts coming from countries, such as China, could be a 
source for these non-legacy PCBs in our products and 
food supply. If this is the case, costs of PCB exposure and 
cleanup could be an undue burden on our population. 
Management of Legacy Wastes 
Regulatory programs in Illinois address legacy waste 
issues. Federal regulations require permitting of treatment 
and disposal facilities and cleanup of contaminated sites 
when PCB levels exceed 50 parts per million (ppm). While 
multiple cleanup and disposal methods can be developed 
and proposed, the two methods generally used for disposal 
of legacy sources for PCBs are landfilling and incinera-
tion. The U.S. Environmental Protection Agency (USEPA) 
evaluates each site and proposed cleanup on a case-by-
case basis. The recently completed cleanup of Waukegan 
Harbor is a good example of a multipronged approach to 
site remediation using several technologies. A number 
of legacy waste remediation case studies in Illinois and 
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existing treatment and disposal facilities in other states 
provide excellent examples; many are listed in Appendix B.
A wide range of chemical, thermal, physical, and biologi-
cal technologies have been developed and tested at the 
demonstration stage to manage PCBs. Some of these 
technologies can destroy PCBs, while others contain 
or transform them. The challenges with these alterna-
tive technologies are demonstrating their effectiveness 
and safety for a specific waste mixture, the relative high 
cost of these approaches, and managing these technolo-
gies “on-site” as compared with landfilling or incineration. 
A review of treatment and disposal technologies for 
wastes containing PCBs and wastes from former manu-
factured gas plant sites is provided in Appendix B. 
PCB-contaminated sites have been successfully cleaned up 
and, in many cases, redeveloped. There are insurance compa-
nies, consultants, financial institutions, and developers that 
specialize in these types of redevelopment projects. These 
efforts can require a significant amount of time and funding 
to complete, due to the complexity of waste issues of the site. 
For contaminated sites that are abandoned or underutilized, 
the Illinois Environmental Protection Agency operates 
the Illinois Brownfields Assistance Program. Information 
about this program is provided at http://www.epa.illi-
nois.gov/topics/cleanup-programs/brownfields/index.
Polychlorinated Biphenyls 
PCBs are a group of chemicals that are anthropogenic 
in origin. PCBs are composed of two hexagonal rings 
of carbon atoms connected by carbon-carbon bonds, 
with between one and ten chlorine atoms (Figure 1). The 
number and position of chlorine atoms on the rings dictate 
209 possible chemical structures, termed congeners.
The primary U.S. manufacturer of PCBs for many 
years was Monsanto. PCBs were also manufactured by 
other companies throughout Europe and Asia. PCBs 
were included or added to the following products:
• Dielectric fluids for transformers and capacitors 
• Hydraulic fluids and heat transfer fluids 
• Lubricants  
• Plasticizers (including paint and caulk) 
• Carbonless copy paper
Monsanto manufactured PCBs under the trade name 
Aroclor. They were sold as mixtures of congeners that 
varied in their chlorine content. These compounds 
were manufactured from 1929 until the late 1970s when 
production was halted due to health and environmen-
tal concerns. Over this time frame, approximately 1.4 
billion pounds of PCBs were produced in the U.S. with 
a peak production in 1970 of approximately 85 million 
pounds. PCBs were used in concentrations rang-
ing from 20% to 60% or 200,000 to 600,000 ppm.1 
PCBs are regulated by the USEPA under the Toxic 
Substances Control Act (TSCA). If soil or sediment 
contains 50 milligrams per kilogram of total PCBs, they 
are regulated for cleanup and disposal by USEPA as a 
TSCA remediation waste. Other regulations may apply 
to a contaminated site including the Comprehensive 
Environmental Response, Compensation, and Liability 
Act (CERCLA), the Resource Conservation and Recovery 
Act (RCRA), the Clean Water Act, and the Clean Air Act. 
At a cleanup site and when handling PCB-contaminated 
wastes, regulations under the Occupational Safety 
and Health Act (OSHA) may also be applicable. 
The USEPA has established numerous methods to analyze 
PCBs. These include methods to test for Aroclors and 
specific congeners, depending on the application. Aroclors 
are typically analyzed using gas chromatography with 
an electron capture detector. Congeners can have much 
Figure 1. Structure of some PCB congeners.
Redevelopment of PCB contaminated 
sites has been successfully 
conducted. It is typically expensive, 
time conusming, and OFTEN 
results in lower property values.
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lower concentrations and require more sensitive instru-
ments, such as high-resolution gas chromatography 
coupled with high-resolution mass spectrometry.2
PCB disposal is regulated based on total Aroclor 
concentration. Typical limits for treatment and 
disposal of PCBs include the following:
• ≥ 500 ppm liquid: Level at which PCB liquids 
must be incinerated; solids may still be land-
filled at EPA-permitted facilities.
• ≥ 50 ppm: Level at which PCBs in use are 
regulated by EPA under TSCA.
• < 50 ppm liquid: May be recycled as used oil 
under RCRA; acceptance standard of munici-
pal landfills for solids like soil.
The detection challenge is complicated by the fact 
that the limits listed above are for TOTAL concen-
tration of PCBs. These regulations do not apply to 
individual congeners. This limitation creates an issue 
since the toxicity of individual congeners might be 
different from that of the mixture, i.e., the Aroclor.
Sediments and soils containing 2 to 50 milligrams per kilo-
gram of PCBs that were spilled after 1978 from a source of 
PCBs that contained 50 milligrams per kilogram of PCBs or 
more, or from a source that was unauthorized for use, are also 
regulated as PCB remediation waste. Cleanup and disposal 
options for PCB remediation wastes are in 40 CFR 761.61. 
There are three options for managing these wastes:
a) self-implementing, which is most suit-
able for small- to medium-sized sites;
b) performance-based, which requires the mate-
rial to be sent to a TSCA chemical waste landfill, 
TSCA incinerator, or a facility approved under 
TSCA as being equivalent to incineration;
c) risk-based, under which cleanup and disposal meth-
ods may be proposed. Under this option USEPA 
must determine that there is no unreasonable risk 
to human health or the environment. This option 
is often preferred for large, complex sites.
Illinois has adopted a Tiered Approach to Corrective 
Action Objectives (called TACO) for developing remedia-
tion objectives for contaminated soils and groundwater 
http://www.epa.illinois.gov/topics/cleanup-programs/
taco/index. A summary of Illinois’ regulations of PCB 
wastes is available at: http://www.epa.illinois.gov/topics/
waste-management/factsheets/pcb/index. These regu-
lations are in addition to the federal regulations.
From an international perspective, the Stockholm 
Convention was established to mitigate the environmental 
and public health risks posed by the proliferation of PCBs.3 
The intended goal of the Stockholm Convention was to 
address worldwide PCBs waste issues in an environmentally 
sound manner by 2028. To date, 152 companies are signa-
tories of the Stockholm Convention. This also has led to the 
development of the 
PCB Elimination 
Network (PEN). 
PEN is a volun-
tary arrangement 
for information 
exchange which 
aims to improve 
coordination and cooperation among stakeholders 
from different sectors with an interest in the environ-
mentally sound management (ESM) of PCBs.
According to Annex A, part II of the Stockholm 
Convention, parties to the Convention are obliged to 
eliminate equipment and oils containing PCBs from use 
by 2025 under the ESM by 2028. The main obstacles that 
developing countries and countries with economies in 
transition encounter are lack of capacities, poor invento-
ries, limited resources, and inaccessible information.
Polychlorinated Biphenyls in the Environment
PCBs are classified as persistent organic pollutants 
(POPs), which are a group of chemicals that resist envi-
ronmental degradation and so persist for long periods of 
time, and can result in toxic effects to human health.
The exact physical properties of PCBs differ according 
to the number and position of the chlorine atoms on the 
biphenyl rings; however, PCBs in general tend to have low 
water solubility and low vapor pressures. Despite the low 
volatility of PCBs, they tend to move from phase to phase.4 
They are hydrophobic (low water soluble) and lipophilic 
(dissolve in fats, oils, lipids, and non-polar solvents such 
as toluene) so they tend to adsorb and absorb to organic 
matter. Environmental transport is congener-specific due to 
the unique structure of each congener. This allows PCBs to 
move in “grasshopper patterns,” in which in warm weather 
they partition from soil (or sediment) to water and air and 
then fall to earth as temperatures cool, a process which 
allows PCBs to be dispersed over great distances.4,5,6
PCBs were designed to be 
persistent under a variety of 
conditions. The successful 
design of these compunds have 
resulted in the environmental 
challenges we face today.
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Numerous factors can affect the mobility of PCBs in sedi-
ments and soil, including soil density, moisture content, as 
well as climate and chemical characteristics such as rain-
fall and organic carbon content.7 The presence of organic 
solvents can also modify the water solubility of PCBs. 
Over time, changes to the composition of PCB mixtures 
occur. These biological, chemical, and physical changes are 
known as weathering, which is the result of differences in 
congener characteristics such as propensity to volatilize, 
solubilize, and be metabolized. Biodegradation by micro-
organisms is congener-specific. Generally, dechlorination 
of PCBs can occur naturally under anaerobic conditions. 
Over long periods of time, the concentration of total 
PCBs can be reduced. Because of the differences in toxic-
ity among congeners, changes in the composition of PCB 
mixtures have important implications for the toxicity 
of the resultant mixture as well as the dominant expo-
sure pathway, (i.e., weathering may reduce the mobility 
of the remaining mixture).2,9 In wildlife, PCBs have 
been shown to have broad health impacts, and toxic-
ity has been observed in fish, birds, and mammals.10
Polychlorinated Biphenyl Impact on Humans
Humans and wildlife can be exposed to PCBs through 
a number of pathways, including contaminated food, 
air, sediments, or water (Figure 2). The major route 
of exposure is through contaminated food. PCBs 
tend to bioaccumulate in the fatty tissues of organ-
isms, passing up the food chain at ever intensifying 
levels, in a process known as biomagnification. 
The more chlorinated congeners are less likely to be 
metabolized in humans and wildlife, and therefore will 
bioaccumulate to a greater extent, while the less chlorinated 
congeners are more water soluble and will be more rapidly 
metabolized and excreted from the body.10 The toxicity of 
PCBs vary by congener and by Aroclor mixture because 
the dose-effect relationship is different for each individual 
PCB congener.10 Uptake by organisms in the food-chain is 
congener-specific, which further complicates assessment of 
risks and affects. 
Therefore, changes 
in the composi-
tion of a PCB 
mixture between 
trophic levels and 
over time alters 
the human health risks posed by the PCB congeners.10 
The adverse effects of PCB exposure in humans include 
possible carcinogenic, immunotoxic, neurotoxic, and endo-
crine effects. The EPA classifies PCBs as a probable human 
carcinogen. Further, support has been found for a causal role 
of PCBs in Non-Hodgkin’s lymphoma, possibly explained by 
the effects of PCBs on inflammation and suppression of the 
immune system.11 Along with carcinogenic effects, a meta-
analysis of studies has found a positive overall association 
for total PCB concentration with incidence of Type 2 diabe-
tes.12 A full review of the toxic effects of PCBs is available in 
the Agency for Toxic Substances and Disease Registry PCB 
toxicity profile. There is no consensus on safe levels of PCB 
exposure or concentration in humans. There is concern about 
possible developmental effects on fetuses and young children.
Managing Legacy Sources 
for PCBs in Landfills
When PCB levels are ≥ 50 ppm, they are regulated by the 
Toxic Substances Control Act (TSCA).13 It is not permis-
sible with waste and soil to dilute PCBs to levels less 
than 50 ppm in order to manage the soil or waste in a 
non-TSCA manner. The limited number of sites permit-
ted to manage PCBs and the stigma and risks associated 
with managing these materials results in high costs for 
disposal. Alternative technologies have been used in the 
past to clean up contaminated sites. This includes solidi-
fication/vitrification, chemical degradation and on-site 
incineration.14 These are reviewed in Appendix B.
There are ten landfills in the United States currently permit-
ted to accept PCB-containing wastes with concentrations 
equal to or greater than 50 milligrams per kilogram. They are:
 Figure 2. Potential transport of PCBs in the environment.8 
Bioaccumulation and 
biomagnification aspects of 
PCBs are responsible for their 
toxicity to humans, wildlife, 
and the environment.
8  |  Appendix A
There are also seven permitted incinerators. They are 
located in Louisiana, Oklahoma, Texas, and Utah. 
Facilities permitted to manage PCB-contaminated 
wastes are also listed at the above website and include:
• Alternative technologies 
• Chemical dechlorination 
• Fluorescent light ballast recycling 
• PCB electrical cable processing for metal recovery 
• PCB transformer decommissioning 
• Physical separation 
• Pipeline and compressor systems decontamination 
• Scrap metal recovery ovens
In Illinois the Safety Kleen Oil Recovery Company facility 
in East Chicago is permitted for chemical dechlorination. 
When analyzing the impact of PCBs on landfills in Illinois, 
it is important to regard the geology of Illinois. This is an 
important consideration when determining the poten-
tial fate of PCBs in the subsurface. PCBs are not soluble 
or volatile. They are quite “sticky”, denser than water, 
and not degradable. Based on these attributes, should 
PCBs be released to the subsurface they would either:
• sink to fine-grained surfaces if they are non-
dissolved. They would then flow down slopes, and 
through cracks and fractures in the subsurface.
State City Facility (Owner)
Alabama Emelle Waste Management, Inc.
California Kettleman City Chemical Waste 
Management
Idaho Grand View US Ecology Idaho
Michigan South Belleville Wayne Disposal, Inc.
New York Model City Chemical Waste 
Management 
Chemical Services
Nevada Beatty US Ecology, Inc.
Oregon Arlington Chemical Waste 
Management of 
the Northwest
Texas Andrews Waste Control 
Specialists, LLC
Texas Avalon Republic Waste Services 
of Texas Limited (a.k.a. 
Republic CSC Landfill)
Utah Salt Lake City Clean Harbors Grassy 
Mountains, LLC
Source: http://www.epa.gov/epawaste/hazard/tsd/pcbs/pubs/stordisp.htm 
• move in groundwater, if dissolved. Along the way 
they would tend to stick to clays and organic matter, 
thus slowing down the transport of the PCBs.15
Understanding the potential environmental fate and 
transport of PCBs is important when considering the 
potential result of a permitted landfill leaking near 
an aquifer. The diagram in Figure 3 correlates aqui-
fer location with the over 3,000 former, closed, and 
current landfills within Illinois. Currently, there are 
42 permitted landfills operating in the state.16
Only one landfill site in EPA Region 5 is autho-
rized to accept PCBs (> 50 ppm) – Wayne Disposal, 
Inc. in Belleville, Michigan. The history of PCBs in 
the Belleville, Michigan landfill are as follows:
• 1995: Initial application 
• 1997: EPA approves up to 1.4 million cubic yards of PCBs 
• 2001: EPA approves up to 4.2 million yards of PCBs 
• 2012: MDEQ approved expanded operation authority 
• 2013: EPA approved up to 16 million cubic yards
It is significant that local officials claimed that the land-
fill was in a groundwater recharge zone above an aquifer. 
The USEPA found in their investigation that there was no 
aquifer under the landfill. The local officials then claimed 
potential migration of the PCBs to a lake 2,000 feet 
from the site. The USEPA determined that the land-
fill cells for PCBs were not connected to the lake. 
Some landfill sites, such as Kettleman City in California, are 
currently exploring expansion of the site. The NY site is also 
exploring expansion of their PCB-licensed facility to 44 acres 
or 4 million cubic yards. There are many other state-permit-
ted landfills that accept PCBs <50 milligrams per kilogram. 
Some states have tried to prevent the introduction of PCBs 
into landfills in the proximity of aquifers through use of 
a Sole Source Aquifer Protection Program.17 Under the 
Safe Water Drinking Act of 1974, the EPA designates a 
Sole Source Aquifer as “an area that has an aquifer which 
is the sole or principal drinking water source for the area 
and which, if contaminated, would create a significant 
hazard to public health.” It further states that “no commit-
ment for federal financial assistance… may be entered 
into for any project which the Administrator determines 
may contaminate such aquifer through a recharge zone 
so as to create a significant hazard to public health.” No 
federal funds are being used; USEPA landfill licenses are 
not subject to sole source aquifer protection programs. 
In order to strengthen the consideration of groundwater 
protection in the landfill siting and permitting process, 
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Figure 3. Location of landfills (left) and aquifers (right) in Illinois.
Ohio, New York, and Washington have instituted legisla-
tion to specifically protect aquifers from new landfills being 
permitted for PCBs.17 There are provisions in Illinois laws 
for landfill siting as well as construction to prevent leaks, but 
these provisions are not as strong as the legislation in place 
in the aforementioned states. Transporting PCB wastes out 
of state increases the cost of cleanup for communities and 
other responsible parties. This also shifts the risks to other 
communities where the 
waste disposal facili-
ties are located. These 
higher costs for cleanup 
can impede remedia-
tion efforts, potentially 
increasing commu-
nity health risks. 
Beyond Landfills: Other Means to 
Manage Legacy Sources of PCBs
One of the goals of the workshop was to explore other means 
beyond landfills and incineration to manage PCBs. There 
have been and continue to be a host of other technologies and 
approaches to address this issue, as shown in Appendix B. 
The permitting and approval of these alternative approaches 
have slowed due to changes in the market place; i.e., many 
sites have been cleaned up, and there is less demand for large-
scale solid and liquid waste disposal of PCBs. Most of the 
focus has shifted to relatively low-concentration PCB solid 
wastes that result from re-development and dredging efforts.18 
In all cases, USEPA and IEPA regulations require 
an approval for “alternative methods” of managing 
PCB-contaminated wastes. These alternatives must meet or 
exceed destruction standards. The issue with these alter-
native approaches is that they typically have a higher cost 
than a traditional landfill or incineration. Part of that cost 
is the demonstration that the alternative can achieve the 
same or greater destruction of PCBs as incineration. 
The USEPA has developed summary documents that 
describe various technologies and the results from 
demonstration testing.19 Many of these are case stud-
ies of specific sites. A summary of typical remediation 
technologies for legacy PCBs is outlined in Table 1.20
Several novel cleanup and treatment approaches were 
presented at the workshop. One of these methods focused 
on the management of PCB-contaminated building mate-
rials. This in-situ approach involved applying zero-valent 
magnesium paste to extract the PCBs from the building 
materials.21 The paste is left in place for one to three weeks 
and then scraped off. The PCBs are encapsulated and 
Illinois has the opportunity 
to learn from other states 
that have existing landfills 
that accept PCBs or have 
taken steps to prevent 
landfills near aquifers from 
being permitted for PCBs.
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destroyed in the paste. The claim was that there was no 
damage to concrete or metal surfaces, no increased exposure 
to PCBs, and no resulting PCB-contaminated waste. This 
has been designed for use on caulk and paint. It is being 
further tested and developed in the demonstration phase.
Another approach was an in-situ chemical oxida-
tion.20 The advantage of this approach is that it is 
widely applicable to different contaminants, has ease 
of application, and is rapid and aggressive. This results 
in fast-reaction kinetics, higher stability in soils and 
natural environments, lesser affinity to natural soil 
organics, and enhanced transport in the subsurface. 
Managing Legacy Sources of PCBs: 
Redevelopment Case Studies
The final section of the workshop focused on case studies 
used to cleanup legacy PCB-contaminated sites. Some of the 
larger sites were addressed under EPA’s Superfund program. 
The sites listed included manufacturing facilities, former 
waste disposal sites, electrical substations, and power plants. 
Brownfields initiatives have facilitated the study and imple-
mentation of remediation at these sites. There is a significant 
amount of guidance from the EPA on site remediation and 
eventual title transfer for redevelopment.22 Many sites have 
been cleaned up and returned to commercial and public 
use. This Brownfields remediation program is a successful 
public-private partnership. Sites where there are no identified 
viable responsible parties that are not commercially viable 
tend to remain unremediated and contaminated because 
the public is often liable and there are very limited local or 
state funds appropriated to fund cleanup efforts in Illinois.
There was extensive discussion surrounding the Waukegan 
Harbor site. The long road to cleanup success is embodied 
by the following statement by Representative Schneider:
“Waukegan Harbor is a critical component of our 
local economy, and I’m proud that after 20 years of 
tremendous efforts by the EPA and our community, 
the harbor is finally free of the heavy contami-
nants that constrained commercial shipping and 
hindered our local tourism. The restoration of 
Waukegan Harbor is helping revitalize our lake-
front, restoring jobs and making Waukegan a hub 
for commercial activity on Lake Michigan.”23
At this site two remediation phases were discussed: 
interim and final remediation. The steps taken in each 
of these phases are outlined in Figure 4 and Figure 5. 
Remediated soil was taken to different sites depending 
upon PCB levels. Soil impacted with PCBs at concentra-
tions less than 50 mg/kg (special waste) was disposed at 
the Laraway Recycling & Disposal (Waste Management 
Landfill) in Elwood, Illinois. Soils with PCB concen-
trations greater than 50 mg/kg (TSCA hazardous 
remediation waste) were disposed at the Environmental 
Quality (EQ) landfill in Belleville, Michigan. As noted 
above, some material was sent off site and incinerated.
Table 1. Alternative PCB Treatment Technologies
Alternative Technology Comments
Thermal Desorption Desorption & vapor-phase treatment of PCBs by applying heat; it does not directly destroy/
oxidize PCBs
Chemical Dehalogenation Base catalyzed decomposition (BCD) technique to remove halogen atoms through chemical 
reactions, but residuals need to be properly managed & disposed
Solvent Extraction Physical separation of PCBs from soil & sediment, thereby reducing the volume to be treated, 
but residuals are generated that needs to be further treated/disposed
Soil Washing Ex-situ technology; large volume of water/chemical needed to dissolve & separate the PCBs 
from soil/sediments, but generates a lot of wastewater that requires further treatment
Solidification / stabilization In-situ or ex-situ technology, but generates large quantities of solid/ liquid wastes which need to 
be treated & disposed
Bioremediation PCBs are degraded into simpler less- or non-toxic compounds through biological 
decomposition; In-situ or ex-situ technique, but degradation is generally slow, requires very 
long treatment time, and may not be complete
Vitrification Very high temperature converts contaminated soil/sediment into a glassy, non-reactive 
material; in-situ or ex-situ technique, but low potential for re-use of site and also very expensive
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Challenges Remain 
Advanced engineering and monitoring technologies are 
required of landfills to ensure protection from leakage and 
minimize risks to the public. The Illinois EPA is charged 
with implementing Illinois’ environmental regulations for 
landfills for solid, industrial (special wastes) and hazardous 
wastes, but states do not have primacy for regulating the 
treatment or disposal of PCBs or PCB-contaminated wastes. 
Many technological advances have emerged in the 
past 20 years, including site characterization, land-
fill design, and research on treatment and destruction 
of PCBs. Some of that research has been undertaken 
by scientists and engineers at the University of Illinois. 
There has not been a comprehensive review and over-
all updating of these regulations in the past 20 years.
The Illinois Scientific Surveys, in the Prairie Research 
Institute of the University of Illinois, have a legislative 
mandate (110 ILCS 425) to study the natural and cultural 
resources of Illinois. Designated employees of the State 
Scientific Surveys are statutorily recognized as the State 
Scientists. The Scientific Surveys have undertaken stud-
ies of the geology, hydrology, and biology of Illinois for 
Figure 4. First phase of interim 
remediation at Waukegan Harbor.23
Figure 5. Final phase of remediation 
of Waukegan Harbor.23
decades and have large data sets describing these resources. 
The Scientific Surveys are also official repositories of 
information and records on wells, geology, hydrology, 
and biota (along with the Illinois Department of Natural 
Resources). This information, coupled with scientific and 
engineering analysis, can be helpful in making siting deci-
sions for landfills as well as other development projects. 
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Appendix B. Literature Review of Remediation Technologies  
for Polychlorinated Biphenyls (PCBs) and Manufactured  
Gas Plant Wastes (MGPs)
Summary
This appendix discusses remediation technologies (includ-
ing disposal/destruction) for polychlorinated biphenyls 
(PCBs) and manufactured gas plant wastes (MGPs). Table 1 
summarizes remediation technologies used at field sites 
for either PCBs, MGPs, or both. Details on these technolo-
gies are discussed after this summary section (Tables 3 
and 8). The application of these technologies at a site must 
be designed to the site characteristics including other 
materials involved. This affects the cost and effective-
ness of the remediation strategy. Note that the costs listed 
in this report are not adjusted for inflation. Many of the 
cost numbers are from studies conducted 10 to 15 years 
ago. Newer cost estimates were often not available.
Table 1: Compilation of Remediation Technologies Used 
at Field Sites for PCBs and MGPs^.
Technology PCBs MGPs
Activated Carbon/Biochar x
Asphalt Batching x
Bioremediation (In- & Ex-Situ) x x
Capping x
Chemical Dehalogenation/Dechlorination x
Chemical Oxidation (In- & Ex-Situ) x
Co-burning x
Dynamic Underground Stripping x
Electrochemical Peroxidation x
Incineration x
Irradiation (High-Energy Electron Beam) x
Landfill x x
Peat x
Physical-Chemical Degradation x
Technology PCBs MGPs
Soil Vapor Extraction x
Soil Washing x x
Solidification/Stabilization (In- & Ex-Situ) x x
Solvent Extraction x
Subsurface flushing (CROW) x
Supercritical Fluid Extraction x
Supercritical Water Oxidation x
Thermal Desorption
Thermal Desorption (Ex-situ) x x
Thermal Desorption (In-situ) x
Vitrification x
x - Denotes use of that technology for those wastes.
^ - Detailed information and the references for each method are 
listed in Tables 3 and 8.
PCB Remediation
Polychlorinated biphenyls (PCBs) are a class of synthe-
sized chlorinated compounds that include up to 209 
variations or congeners which have various physical and 
chemical properties. PCBs are one of the most ubiquitous 
contaminants in the world due to their widespread use in 
industry and subsequent release in the environment. PCBs 
are persistent, slow to biodegrade, and are often toxic.
Figure 1 compares the costs of the remediation technolo-
gies. Tables 2-4 list the current methods of remediation 
of PCB-contaminated soils/sediments and indicate where 
the remediation technique has been used, concen-
trations of PCBs treated, and includes, whenever 
possible, the cost of the treatment. Notes and references 
are included after the remediation technology tables.
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Figure 1: Cost Comparison of PCB Remediation Technologies. 
Bars represent a range of costs for each technology. Circles mean only one cost was found during the literature review, but there 
could be other times this technology was used but not reported in the literature. All data come from literature review; see Table 2 
for references. Note: remediation costs were not adjusted for inflation; many of the costs are from studies done 10 to 15 years ago.
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Table 2: Cost Comparison of PCB Remediation Technologies.
Technology Cost normalized 
cost‡
Reference Lowest Cost 
Found (per m3)
Highest Cost 
Found (per m3)
Bioremediation
$245-474/m3 $245-474/m3 1
$42 $474
$30-60/ton $42-84/m3 6
Chemical Dehalogenation & 
Dechlorination
$220-550/m ton $308-770/m3 7
$308 $770
$350-360/m3 $350-360/m3 1
Incineration
>$360/m3 >$360/m3 1
$360 $826
$470-590/m ton $658-826/m3 7
Landfill
$300-510/m ton $420-714/m3 7
$140 $840
$100-600/ton $140-840/m3 19
Soil Washing $60-230/ton $84-322/m3 19 $84 $322
Solidification & Stabilization $50-310/ton $70-434/m3 19 $70 $434
Solvent Extraction
$110-440/m ton $154-616/m3 7
$154 $1,169
$250-1169/m3 $250-1169/m3 1
Supercritical Fluid Extraction $122-154/m3 $122-154/m3 1 $122 $154
Supercritical Water Oxidation $20/m3 $20/m3 1 $20#
Thermal Desorption (Ex-situ)
$44-252/m3 $44-252/m3 20
$44 $864$617/ton $864/m3 21
$292/cubic yard $382/m3 22
Thermal Desorption (In-situ)
$100-380/m3 $100-380/m3 1
$100 $785~$100/ton $140/m3 3
$200-600/cubic yard $262-785/m3 6
Vitrification $1,149/ton $1,608.60/m3 11 $1,609#
‡ - Bulk density of soil is assumed to be 1.4 g/cm3 and ton is assumed to be metric ton.
# - Denotes only one cost found.
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Table 3: PCB Remediation - Field and Pilot Scale Trials.
Technology Location Source material Normalized 
Concentration
Normalized 
Cost‡
Reference
Activated Carbon/
Biochar*
Brownfield site in 
Etobicoke, Ontario 
(Canada)
soil was contaminated with 
commercial Aroclors 1254 
and 1260, and has weathered 
in place over a period of 
approximately 50 years
71.4 ± 10.8 mg/
kg
  2
Bioremediation       $245-474/m3 1
Bioremediation Former North 
American 
Transformer South 
Yard Area,  
Milpitas, CA
soil 156 mg/kg $42-84/m3 6
Chemical 
Dehalogenation & 
Dechlorination
Warren County 
Landfill,  
Warren County, NC
soil 81,100 mg/kg   6
Chemical 
Dehalogenation & 
Dechlorination
  soil   $308-770/m3 7
Chemical 
Dehalogenation & 
Dechlorination
      $350-360/m3 1
Chemical 
Dehalogenation & 
Dechlorination
Pennsylvania Air 
National Guard 
Site, Harrisburg 
International Airport, 
Harrisburg, PA
soil 17-560 mg/kg   6
Chemical 
Dehalogenation & 
Dechlorination
Wide Beach 
Development,  
Brant, NY
soil 5,300 mg/kg   10
Chemical 
Dehalogenation & 
Dechlorination
Smith’s Farm,  
Brooks, KY
soil/sediment 3-25 mg/kg   10
Chemical 
Dehalogenation & 
Dechlorination
FCX Site,  
Statesville, NC
soil 830 mg/kg   10
Chemical 
Dehalogenation & 
Dechlorination
Wide Beach Erie 
Country, NY
soil 120 mg/kg   4
Chemical 
Dehalogenation & 
Dechlorination
Guam, USA soil 2500 mg/kg with 
hot spots as high 
as 45,860 mg/kg
  4
Chemical 
Dehalogenation & 
Dechlorination
Bengart & Memel 
Buffalo, NY
soil 108 mg/kg   4
Electrochemical 
Peroxidation*
pilot sediments and water     14
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Technology Location Source material Normalized 
Concentration
Normalized 
Cost‡
Reference
Incineration       >$360/m3 1
Incineration   soil   $658-826/m3 7
Irradiation (High-
Energy Electron 
Beam)*
pilot soil     14
Landfill   soil   $420-714/m3 7
Landfill   soil/sediment   $140-840/m3 19
Physical-Chemical 
Degradation
Ibraki, Japan soil 42,800 mg/kg   6
Physical-Chemical 
Degradation
Juker Holdings Site, 
Vancouver, British 
Columbia
soil 400-1,600 mg/kg   6
Soil Washing soil/sediments $84-322/m3 19
Solidification & 
Stabilization
soil/sediments $70-434/m3 19
Solidification 
& Stabilization 
(Ex-situ)
Carolina Transformer 
Co., Fayetteville, NC
soil/sediment 21.000 mg/kg   10
Solidification 
& Stabilization 
(Ex-situ)
White House Oil Pits, 
Jacksonville, FL
soil 5.1 mg/kg   10
Solidification 
& Stabilization 
(Ex-situ)
Pepper Steel & Alloys, 
Inc., Medley, FL
soil 70,000 mg/kg   10
Solidification 
& Stabilization 
(Ex-situ)
Florida Steel 
Corporation, 
Indiantown, FL
soil/sediment 600 mg/kg   10
Solidification 
& Stabilization 
(Ex-situ)
Yellow Water Road 
Dump, Baldwin, FL
soil 10-600 mg/kg   10
Solidification 
& Stabilization 
(Ex-situ)
PSC Resources, 
Palmer, MA
soil/sediment 1 mg/kg   10
Solidification 
& Stabilization 
(Ex-situ)
Double Eagle 
Refinery,  
Oklahoma City, OK
soil/sediment 50 mg/kg   10
Solidification & 
Stabilization 
(Ex-situ)
Paoli Rail Yard,  
Paoli, PA
soil 6,000 mg/kg   10
Solidification 
& Stabilization 
(Ex-situ)
MW Manufacturing, 
Valley Township, PA
soil/sediment 7.6 mg/kg   10
Solvent Extraction   soil   $154-616/m3 7
Solvent Extraction       $250-1169/m3 1
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Technology Location Source material Normalized 
Concentration
Normalized 
Cost‡
Reference
Solvent Extraction Arctic Surplus, 
Fairbanks, AK
soil     10
Solvent Extraction Arrowhead Refinery 
Co.,  
Hermantown, MN
soil     10
Solvent Extraction Carolina Transformer 
Co., Fayetteville, NC
soil/sediment >1 mg/kg   10
Solvent Extraction Idaho National 
Engineering 
Laboratory (USDOE), 
ID
      10
Supercritical Fluid 
Extraction
      $122-154/m3 1
Supercritical Water 
Oxidation
      $20/m3 1
Thermal Desorption   soil   $63-462/m3 7
Thermal Desorption 
(Ex-situ)
  soil/sediment   $44-252/m3 20
Thermal Desorption 
(Ex-situ)
Fields Brook, 
Ashtabula, OH
soil/sediment 41,000 mg/kg   10
Thermal Desorption 
(Ex-situ)
Universal Oil 
Products (Chemical 
Division), East 
Rutherford, NJ
soil 2,000 mg/kg   10
Thermal Desorption 
(Ex-situ)
Industrial Latex 
Corp., Wallington 
Borough, NJ
soil 4,000 mg/kg   10
Thermal Desorption 
(Ex-situ)
Acme Solvent 
Reclaiming, Inc., 
Morristown, IL
soil 0.290 mg/kg   10
Thermal Desorption 
(Ex-situ)
Re-Solve, Inc. 
Superfund Site, MA
soil 247 mg/kg  $767/m3 10 & 41
Thermal Desorption 
(Ex-situ)
Sangamo/Twelve-
Mile/Hartwell PCB, 
Pickens, SC
soil 40,000 mg/kg   10
Thermal Desorption 
(Ex-situ)
Smith’s Farm,  
Brooks, KY
soil 300-500 mg/kg   10
Thermal Desorption 
(Ex-situ)
New Bedford Harbor 
Superfund Site; MMA
soil/sediment 200,000 mg/kg $864/m3 22
Thermal Desorption 
(Ex-situ)
Industrial Latex 
Superfund Site, 
Wallington, NJ
soil/sediment 4,000 mg/kg $382/m3 23
Thermal Desorption 
(Ex-situ)
Wide Beach 
Development 
Superfund Site, NY
soil $643/m3 41
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Technology Location Source material Normalized 
Concentration
Normalized 
Cost‡
Reference
Thermal Desorption 
(Ex-situ)
Outboard Marine 
Corp. Super Fund 
Site, Waukegan, IL
soil/sediment $518/m3 41
Thermal Desorption 
(Ex-situ)
Letterkenny Army 
Depot, PA
soil $227/m3 41
Thermal Desorption 
(In-situ)
      $100-380/m3 1
Thermal Desorption 
(In-situ)
Mare Island Shipyard, 
CA
soil 20-54 mg/kg $140/m3 3
Thermal Desorption 
(In-situ)
New York soil 5,000 mg/kg $140/m3 3
Thermal Desorption 
(In-situ)
Missouri soil 10-19,900 mg/kg $140/m3 3
Thermal Desorption 
(In-situ)
Indiana soil 650 mg/kg $140/m3 3
Thermal Desorption 
(In-situ)
Tanapag Village, 
Saipan, Northern 
Mariana Islands
soil 10,000 mg/kg $262-785/m3 6
Thermal Desorption 
(In-situ)
Former South Glens 
Falls Dragstrip, 
Moreau, NY
soil 5,000 mg/kg $262-785/m3 6
Thermal Desorption 
(In-situ)
Centerville Beach, 
Ferndale, CA
soil 0.15-860 mg/kg $262-785/m3 6
Thermal Desorption 
(In-situ)
Missouri Electric 
Works, Cape 
Girardeau, MO
soil 20,000 mg/kg $262-785/m3 6
Vitrification WCS-Commercial 
TSCA cleanup, 
Andrews, TX
soil 496 mg/kg   6
Vitrification Oak Ridge 
Reservation (USDOE), 
Oak Ridge, TN
soil     10
Vitrification U.S. DOE Idaho 
National Engineering 
and Environmental 
Laboratory,  
Idaho Falls, ID
soil     10
Vitrification New Bedford Harbor 
Superfund Site, MA
soil/sediments 2,085 mg/kg $1,608.60/m3 11
Vitrification Parsons Chemical 
Parsons site in Grand 
Ledge, MI
      12
‡ - Bulk density of soil is assumed to be 1.4 g/cm3 and ton is assumed to be metric ton.
* - Denotes emerging technologies.
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Other notes on PCB remediation
The Clu-In website has information summaries and technol-
ogy-specific papers. http://www.clu-in.org/contaminantfocus/
default.focus/sec/Polychlorinated_Biphenyls_(PCBs)/
cat/Treatment_Technologies/
See the Federal Remediation Technologies Roundtable 
website for case studies on PCBs using various remedia-
tion strategies: http://costperformance.org/search.cfm
See Table 3-1 on page 19 of: http://www.clu-in.org/down-
load/remed/POPs_Report_FinalEPA_Sept2010.pdf
Based on the literature, several authors seem to think biore-
mediation is an area for improvement and further study. 
There have not been many full-scale bioremediation field 
projects. Some issues include the need for chemical-specific 
microbes for degradation; difficulty controlling conditions 
for microbial processes to be effective; complexity of waste 
mixtures; a lack of understanding of many pathways to 
degradation; and degradation products may be just as toxic.
Table 4: PCB Remediation - Lab Studies.
Technology Location Source material Concentration Reference
Activated Carbon* Lab soil/sediment   15
Activated Carbon with Bioremediation* Lab in situ treatment for 
sediment, soil, water
  16
Chemical Oxidation (In-Situ) Lab soils from Plum Brook 
Ordnance Works, 
Sandusky, OH
1.32-9.98 mg/kg 8
Chemical Oxidation (In-Situ) Lab soil and groundwater   17
Chemical Oxidation (In-Situ) with 
Electrokinetic remediation*
Lab   50mg/kg 9
Microbial Reductive Dechlorination* Lab soil/sediments 
Hudson River
  5
Microbial Reductive Dechlorination* Lab soil/sediments 
Baltimore Harbor
  5
Photocatalytic Aqueous Phase Organic 
Destruction*
Lab groundwater   15
Photolytic and Biological Soil Detoxification* Lab soil   15
Solidification & Stabilization Lab soil   19
Vitrification Lab soil 75-391 mg/kg 13
Thermal Chemical Dechlorination Lab (cost limitations; 
not commercial 
application)
soil and water   14
* - Denotes emerging technologies.
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Advantages and Limitations of 
PCB Remediation Technologies
Table 5: Advantages of Technology Alternatives for Remediating PCB-Contaminated Soil and Sediment.10
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Reduces high concentrations to cleanup goals ▼ ▼  ▼ ▼
Destroys PCBs ▼ ▼ ▼ ▼ ▼
Separates PCBs ▼ ▼ ▼ ▼
Immobilizes PCBs ▼ ▼
Can be implemented in-situ ▼ ▼
Effective across wide range of soil/sediment characteristics ▼ ▼ ▼
Effective on inorganic co-contaminants ▼ ▼ ▼ ▼
* In-situ thermal desorption systems have been demonstrated to be effective.
** Ex-situ bioremediation systems. In-situ systems are innovative and have not been demonstrated to be effective.
Note: Technologies for which a specific advantage is applicable are identified by a “▼”.
Table 6: Limitations of Technology Alternatives for Remediating PCB-Contaminated Soil and Sediment.10
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High moisture content adversely affects treatment ▼ ▼ ▼
PCBs must be destroyed by another technology ▼ ▼
Produces other residuals that must be treated and/or disposed ▼ ▼ ▼ •
Sensitive to media particle size, clay content, and/or pH ▼ ▼ ▼ ▼ ▼
Not proven to treat all PCB congeners ▼ ▼ ▼
Sensitive to co-contaminants ▼ ▼ ▼ ▼ ▼
Off gases must be treated prior to release ▼ ▼ ▼ ▼
Volume and/or characteristic changes to treated media ▼ ▼ ▼
Potentially affected by ambient temperature extremes ▼ ▼ ▼
Difficult to measure effectiveness of treatment ▼ ▼ ▼ ▼
Long term monitoring required ▼ ▼
Note: Technologies for which a specific limitation is applicable are identified by a “▼”.
Limitations that only apply to the ex-situ subgroup of a technology are identified by a “•”.
Appendix B  |  23
Manufactured Gas Plant 
Waste Remediation
Manufactured gases refer to heating, cooking, and light-
ing fuel that was manufactured and supplied to homes and 
industry from the late 1800s to the mid-1900s.23 Wastes 
from the manufacturing process are often found at old 
manufactured gas plant (MGP) sites and include coal tars 
and purifier wastes. Coal tars are dark reddish-brown 
to black and contain polycyclic aromatic hydrocarbons 
(PAHs) and volatile organic carbons (VOCs), specifically 
benzene, toluene, ethylbenzene, and xylene (BTEX).24 
Figure 2: Cost Comparison of MGP Waste Remediation Technologies. 
Bars represent a range of costs for each technology. Circles mean only one cost was found during the literature review but there 
could be other times this technology was used but not reported in the literature. All data come from literature review; see Table 7 for 
references. Note: remediation costs were not adjusted for inflation; many of the costs are from studies done 10 to 15 years ago. 
α – Depending on state law, MGP wastes could be classified as either hazardous or non-hazardous waste. Disposal of MGP wastes in 
a non-hazardous waste landfill costs $21 to $105 per m3, and disposal in a hazardous waste landfill costs $161 to $700 per m3.
Both PAHs and VOCs are known to have negative health 
impacts on humans.25,26 Purifier wastes come from oil 
impurity removal and include acidified chemically 
complex cyanide compounds which are highly toxic.24
Figure 2 shows a cost comparison of MGP waste remedia-
tion technologies. Tables 7 and 8 list the current methods 
of remediation of manufactured gas-contaminated soils/
sediments and indicate where the remediation tech-
nique has been used, as well as lists, whenever possible, 
the cost of the treatment. Notes and references are 
included after the remediation technology tables.
24  |  Appendix B
Table 7: Cost Comparison of MGP Waste Remediation Technologies.
Technology Cost normalized cost‡ Reference Lowest 
Cost Found 
(per m3)
Highest Cost 
Found 
(per m3)
Asphalt Batching (Cold-Mix)
$40-$70/ton $52-92/m3 39
$52 $92
$40-$70/ton $52-92/m3 39
Asphalt Batching (Hot-Mix) $40-$70/ton $52-92/m3 39 $52 $92
Bioremediation (Ex-Situ)
$75/cyd $98/m3 39
$98 $283$100-200/cyd $131-262/m3 39
$216/cyd $283/m3 39
Bioremediation (In-Situ) $10-70/cyd $13-92/m3 39 $13 $92
Capping (Containment) $45,000-170,000/acres $11-42/m2 39 N/A†
Chemical Oxidation (Ex-Situ) $38/ton $53/m3 28 $53#
Chemical Oxidation (In-Situ) $38/ton $53/m3 28 $53#
Co-burning
$44-$142/ton $62-199/m3 39
$62 $433
$134-$309/ton $188-433/m3 39
Dynamic Underground Stripping $110/cyd $144/m3 39 $144#
Landfill
$15-75/ton $21-105/m3 42
$21α $700α
$115-$500/ton $161-700/m3 42
Soil Vapor Extraction $2-450/cyd $3-589/m3 39 $3 $589
Soil Washing $170/ton $238/m3 39 $238#
Solidification/
Stabilization (Ex-situ)
$100/ton $140/m3 39 $144#
Solidification/
Stabilization (In-situ)
$40-75/cyd $52-98/m3 30
$52 $288
$180-220/cyd $235-288/m3 30
$40-60/cyd $52-79/m3 35 & 39
$40-60/cyd $52-79/m3 39
Thermal Desorption (Ex-situ)
$169-243/ton $237-340/m3 31
$110 $340
$78.68/ton $110/m3 33
$82/ton $115/m3 39
$80/ton $112/m3 39
‡ - Bulk density of soil is assumed to be 1.4 g/cm3 and ton is assumed to be metric ton.
# - Denotes only one cost found in the literature.
† - Cost cannot be directly compared to other costs (per m2 vs. per m3)
α – Depending on state law, MGP wastes could be classified as either hazardous or non-hazardous wastes. Disposal of MGP wastes 
in a non-hazardous waste landfill costs $21 to 105 per m3, and disposal in a hazardous waste landfill costs $161 to $700 per m3.
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Table 8: Remediation Technologies for Manufactured Gas Plant Wastes – Field Trials.
Technology Location Source material normalized 
cost‡
Reference
Asphalt Batching (Cold-Mix) Salt Lake City, UT   $52-92/m3 39
Asphalt Batching (Cold-Mix) Monterey, CA   $52-92/m3 39
Asphalt Batching (Hot-Mix) Utica, NY   $52-92/m3 39
Bioremediation (Ex-Situ) Pleasant Hill, Iowa soil $98/m3 39
Bioremediation (Ex-Situ) Port Hueneme, CA soil $131-262/m3 39
Bioremediation (Ex-Situ) Utica, NY soil $283/m3 39
Bioremediation (In-Situ) St. Louis Park, MN soil $13-92/m3 39
Capping (NAPL-Trapping) Ann Arbor, MI Soil/sediment   27
Capping (Containment) Jackson, MI soil $11-42/m2 39
Chemical Oxidation (Ex-Situ) Hartford, CT soil $53/m3 28
Chemical Oxidation (In-Situ) Hartford, CT soil $53/m3 28
Chemical Oxidation (In-Situ) New York Sandy soil   29
Chemical Oxidation (In-Situ) Albert Lea, MN soil and groundwater   35
Co-burning Rochester, NY tar $62-199/m3 39
Co-burning Greenville, SC   $188-433/m3 39
Dynamic Underground Stripping Vasalia Poleyard, CA   $144/m3 39
Landfill Two Rivers, WI soil   38 
Landfill Various sites $21-105/m3 β
$161-700/m3 δ
42
Landfill Dinuba, CA 42
Landfill Wallingford, CT 42
Landfill Columbia, MO 42
Peat Two Rivers, WI wetlands   38
Soil Vapor Extraction   soil $3-589/m3 39
Soil Washing Nottingham, UK soil $238/m3 39
Solidification/Stabilization (Ex-Situ) Du Quoin, IL soil $140/m3 39
Solidification/Stabilization (In-situ) Bourne, MA Soil/sediment (land) $52-98/m3 30
Solidification/Stabilization (In-situ) Bourne, MA sediment (under water) $235-288/m3 30
Solidification/Stabilization (In-situ) New Bedford, MA sediment   34
Solidification/Stabilization (In-situ) Columbus, GA soil $52-79/m3 35 & 39
Solidification/Stabilization (In-situ) Macon, GA groundwater   35
Solidification/Stabilization (In-situ) PECO sludge   35
Solidification/Stabilization (In-situ) Bridgeport and New Haven 
Harbor Stations, CT
soil   36
Solidification/Stabilization (In-situ) Manitowoc, WI soil $52-79/m3 39
Subsurface flushing (CROW) Columbia, Wrightsville, 
and Borough in the State of 
Washington; Columbia, PA
soil/sediment   32
Subsurface flushing (CROW) Stroudsburg, PA soil/sediment   39
Thermal Desorption (Ex-situ) New York soil/sediment $237-340/m3 31
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Thermal Desorption (Ex-situ) Charles City, Hampton, and 
Independence, IA
soil $110/m3 33
Thermal Desorption (Ex-situ) Bridgeport and New Haven 
Harbor Stations, CT
soil   36
Thermal Desorption (Ex-situ) Opechee Bay and 
Winnipesaukee River, 
Laconia, New Hampshire
sediment (under water)   37
Thermal Desorption (Ex-situ) Huron, SD soil $115/m3 39
Thermal Desorption (Ex-situ) Waterloo, IA soil $112/m3 39
Thermal Desorption (Ex-situ) Mason City, IA soil   39
‡ Bulk density of soil is assumed to be 1.4 g/cm3 and ton is assumed to be metric ton.
β – non-hazardous waste disposal cost (see note α in Figure 2)
δ – hazardous waste disposal cost (see note α in Figure 2)
Descriptions of Remediation Techniques
All glossary terms come from references 10, 19, and 40.
Bioremediation 
Bioremediation uses microorganisms to break down or 
detoxify organic compounds. Bioremediation of PCBs works 
best under aerobic conditions (i.e., in the presence of oxygen), 
but will also occur at a slower rate in anaerobic conditions.15 
Oxygen can be increased (e.g., through bioventing), and 
bioremediation can be enhanced by increasing the availability 
of water, nutrients, electron acceptors, and microorgan-
isms. PCBs with fewer chlorine atoms are more completely 
degraded than PCBs with a higher chlorine content, although 
these, too, can be partially degraded. As of 1992, however, no 
bioremediation system had been identified as being capable of 
biodegrading PCBs on a scale large enough to be used for site 
remediation. All permits issued as of 1992 for bioremediation 
of PCBs were for research and development, not commercial 
projects.15 Several bioremediation products are available to 
evaluate bioremediation at sites, including treatability prod-
ucts that test whether microorganisms at a site are capable of 
degrading PCBs; whether site conditions are favorable; and 
whether bioremediation will be complete and quick enough 
to satisfy regulators. Current cost information on bioreme-
diation is limited and not adequately available at this time.19
Chemical Dehalogenation & Dechlorination 
This method uses chemical reactions to remove PCB chlorine 
atoms from organic molecules. An example of a chemical 
dehalogenation process is base-catalyzed decomposition 
(BCD). BCD, usually used as a mobile technology, is an 
efficient and relatively inexpensive alternative technology 
for treating both PCB-contaminated equipment (e.g., 
transformers) and PCB-contaminated soils and sediments. 
This method, properly used and permitted, can be used 
to declassify PCB-contaminated electrical equipment. 
Diesel fuel or natural gas is used to heat a primary reac-
tor. Either sodium hydroxide, sodium bicarbonate, or 
aliphatic hydrocarbons are used as hydrogen donors. The 
presence of metals may affect performance (may increase 
the needed amounts of hydrogen). BCD can treat PCBs at 
almost any concentration, and laboratory research shows 
that BCD does not produce, and can significantly reduce, 
levels of chlorinated dioxins and furans. Process residuals 
can generally be discharged to a publicly owned treatment 
works (water and condensate) and to a municipal sewage 
sludge plant (decontaminated sludge) after analysis. 
It should be noted that some other dehalogenation/
dechlorination processes that use polyethylene glycol 
are not recommended because of performance concerns 
and possible formation of dioxins and furans.19
Chemical Oxidation
Chemical oxidation uses chemicals called “oxidants” to help 
change harmful contaminants into less toxic ones. Chemical 
oxidation is usually used to treat soil and groundwater 
contamination in the source area where contaminants were 
originally released. The source area may contain contami-
nants that have not yet dissolved into groundwater. Following 
chemical oxidation, other cleanup methods, such as pump 
and treat or monitored natural attenuation, are often used to 
clean up the smaller amounts of contaminants left behind.40
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Incineration
Incineration treats organic contaminants in solids and liquids 
by subjecting them to temperatures typically greater than 
760°C (1,400°F) in the presence of oxygen, which causes vola-
tilization, combustion, and destruction of these compounds.10
Landfilling
Landfill disposal is one of the most common methods for 
disposal of PCB-contaminated media. It is also used for 
MGP wastes. Landfills are tightly compacted and gener-
ally anaerobic, where little degradation occurs. It is used 
to cover buried waste materials to prevent contact with the 
environment and to effectively manage the human and 
ecological risks associated with those wastes. For most 
wastes, especially persistent substances like PCBs and MGP 
wastes, burial in landfills is not considered a destruction 
technology; rather, a method of disposal and containment.10
Soil Washing 
Soil washing involves mechanically mixing, washing, 
and rinsing soils to remove contaminants. The contami-
nants are removed by either dissolving them in the wash 
solution, or concentrating them into a smaller volume 
through simple particle separation. The process, often used 
as a mobile technology, involves soil preparation, wash-
ing, soil and water separation, wastewater treatment, and 
vapor treatment (if required). Some of the process residu-
als (e.g., contaminated fines and humics) may need further 
treatment for proper disposal. The water should be recov-
ered and reused to the maximum extent possible.19
Solvent Extraction 
Solvent extraction does not destroy wastes but physically 
separates hazardous contaminants from soil and sedi-
ment, thus reducing the volume of hazardous waste to 
be treated. Often an organic chemical is used as a solvent 
to collect and concentrate the contaminant. The process 
involves media preparation, contaminant extraction, 
solvent/media separation, contaminant collection, and 
solvent recycling. The contaminant extract requires further 
treatment, such as incineration or dehalogenation.19
Stabilization & Solidification 
Waste stabilization adds a binding agent, such as Portland 
cement, cement kiln dust, or fly ash, to the waste to convert 
contaminants into a less soluble, less mobile, or less toxic 
form. Waste solidification adds a binding agent to the waste 
to encapsulate the contaminants in solid material. Both 
of these technologies reduce the mobility of PCBs, but do 
not concentrate or destroy them. This process generally 
involves soil or sediment excavation, removal of oversized 
debris, mixing of the waste with the binding agent and 
water, and possibly off-gas treatment. The mixture can be 
either disposed of in containers (e.g., 55-gallon drums), in 
onsite cells or trenches, reused as construction material 
(with regulatory approval) or injected into the subsurface.19
Thermal Desorption
Thermal desorption uses high temperatures to physi-
cally separate volatile and semi-volatile contaminants 
from soil, sediment, and sludge. Thermal desorption, 
typically used as a mobile technology, is generally cost-
effective on wastes containing up to 10 percent organics 
and a minimum of 20 percent solids. The process involves 
materials handling, desorption, particulate removal, and 
off-gas treatment. Because thermal desorption concen-
trates PCBs, the resulting PCB residue may contain a 
concentration greater than 50 ppm, and other regulatory 
requirements would then need to be met (e.g., notification, 
transport, manifest, storage, and disposal requirements), 
as discussed elsewhere in this paper. As of 1992, ther-
mal desorption had been used at seven U.S. hazardous 
waste sites with PCB-contaminated soil or sediment.19
Vitrification 
Vitrification technologies use electrodes to heat and melt 
contaminated soil or sediment containing organic, inor-
ganic, or radioactive contaminants, forming a rigid, glassy 
product when it cools. Temperatures in the process are 
in the range of 1,000 to 2,000 C. The volume of the vitri-
fied product is typically 20 to 45 percent less than the 
original volume of the waste. PCBs are destroyed by 
the high temperatures used during vitrification. Offgas 
collection systems (e.g., tents or hoods) generally are 
needed. The scrubber water and other process compo-
nents may require further treatment or disposal.19
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